Institute of Bioscience, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia Abstract: Pichia guilliermondii strain SO isolated from spoiled orange was developed for use as an alternative expression host by using Pichia pastoris as the model of the experiment. This is the first study to report on the capability of P. guilliermondii SO as a host to express thermostable T1 lipase from Geobacillus zalihae. Alcohol oxidase and formaldehyde dehydrogenase promoters were present in the yeast genome. Interestingly, the recombinant yeast [SO/pPICZαB/T1-2 (SO2)] took only 30 h to reach optimal production with minimal methanol induction [1.5% (v/v)] in YPTM medium, as compared to P. pastoris, which took longer to reach its optimal condition. The purification yield of the His-tagged fusion lipase was 68.58%, with specific activity of 194.58 U/mg. The optimum temperature was 65°C at pH 9 in glycine-NaOH Vol. 20. No. 2. 2015 CELL. MOL. BIOL. LETT. 280 buffer, and it was stable up to 70°C in a wide pH range from pH 5 to 12. In conclusion, a newly isolated yeast from spoiled orange has been proven suitable for use as an expression host.
INTRODUCTION
Pichia guilliermondii was found to be one of the methylotrophic yeasts in the Pichia genus [1] . It is a sporogenous yeast strain with a wide geographic distribution [2] . Most of the methylotrophic yeasts possess similar methanolinducible promoter in their methanol utilization pathways [3] . Therefore, it could be a good model to study gene regulation in expressing recombinant proteins. Like Pichia pastoris, methylotrophic promoters such as formaldehyde dehydrogenase (FLD) and alcohol oxidase (AOX) were expected to be found in this genus. AOX was the first enzyme found to be involved in yeast methanol metabolism. It oxidizes methanol to formaldehyde and hydrogen peroxide [4] . On the other hand, FLD was used to oxidize the formaldehyde to formate, followed by oxidization of the formate to carbon dioxide by a second dehydrogenase. [5] . The AOX promoter used methanol for its induction, while the FLD promoter was induced with either methanol (carbon source) or methylamine (nitrogen source) [4] . Thermostable T1 lipase was found to have a good potential for industrial application. The recombinant lipase has an optimum temperature and pH of 65°C and pH 9, respectively [6] . The gene was isolated from Geobacillus zalihae strain T1 from palm oil mill effluent in Malaysia. Initially it was cloned and expressed in an Escherichia coli expression system, followed by a commercial yeast system, namely P. pastoris. The secretory expression of recombinant T1 lipase in yeast has improved the purity of the expressed protein as compared to the E. coli system. Recombinant P. pastoris X-33/pPICZαB/T1 lipase has improved the expression up to 2-fold. It was proven that a yeast system could improve the level of secretory expression of the recombinant protein. Due to its stability in nonionic surfactants, especially those made of polyhydric alcohol, T1 lipase has been used in the formulation of an automatic dishwashing detergent [7] . A newly isolated yeast from spoiled orange was identified through an internal transcribed spacer (ITS1-5.8-ITS2) and 18S ribosomal DNA (rDNA) as Pichia sp. strain SO. The sequences were submitted to GenBank with the accession number JN084128.1 and JQ288983, respectively. The 18S rDNA showed 100% similarity to P. guilliermondii. Zeocin was determined to be the antibiotic selection marker for isolate SO. Native proteins were checked for intra-and extracellular lipase activity at 30°C and 70°C. Isolate SO did not have any thermostable lipase (when assayed at 70°C). Only 0.08 U/mg specific activity of intracellular lipase was detected (when assayed at 30°C) [8, 9] . A number of studies have been conducted on P. guilliermondii where the genes from this host were cloned and expressed in a P. pastoris expression system [10, 11] . However, there has been no report on P. guilliermondii as an expression host. It is important to have a new yeast expression system as an alternative host with minimal production time to reduce the production cost and minimize methanol toxicity effects. In the development of a new expression system, a yeast sample needs to be isolated and its properties characterized to ensure that it can be used as a host. This study was conducted to show the capability of the newly isolated yeast (referred to Pichia sp. strain SO) can be used as an alternative host to express the recombinant protein. Methylotrophic yeast promoters (AOX and FLD) from the host were also isolated and sequenced. A commercial expression vector for P. pastoris (pPICZαB) was used to express recombinant protein in isolate SO. This paper highlights the development of a locally isolated yeast from spoiled oranges (isolate SO) as a new alternative host for secretory protein expression. pH and temperature of the recombinant protein expressed from this host were characterized accordingly.
MATERIALS AND METHODS

Host strains and vectors
The mature T1 lipase gene from Geobacillus zalihae was amplified from the recombinant plasmid pGEX-T1S [12] . The plasmid pPICZαB and Escherichia coli TOP10 [F' f mcrA, Δ(mrr-hsdRMS-mcrBC), Φ80lacZΔM15, ΔlacX74, deoR, recA1, araD139, Δ(ara-leu)7697, galU, galK, rpsL(StrR), endA1, nupG λ-] were purchased from Invitrogen, USA. Pichia sp. strain SO (referred to as isolate SO) was used as the expression host for this study [8] .
Chemicals and media compositions E. coli containing pPICZαB and recombinant pGEX-T1S/T1 were grown in Luria Bertani Low Salt medium (Difco Laboratories), supplemented with 25 µg/ml zeocin and 50 µg/ml ampicillin, respectively. Yeast strains were maintained and grown on yeast peptone dextrose agar (YPD) [1% (w/v) yeast extract, 2% (w/v) peptone, 2% (w/v) dextrose, 2% (w/v) agar]. The transformants were screened on a YPDS agar plate (similar composition with YPD, 1 M sorbitol) supplemented with 100 µg/ml zeocin. The PCR mixture and restriction enzymes were purchased from Fermentas, USA. Media optimization was conducted using the method from a previous study [13] .
Amplification of Pichia promoters AOX and FLD promoters were amplified from isolate SO genomic DNA. Primers used were AOX forward (5'-GAGATCTAACATCCAAAGACG-3') and AOX reverse (5'-GCGTTTCGAATAATTAGTTGT-3'); FLD forward (5'-CGGGATCCGCATGCAGGAATCTCTGGCA-3') and FLD reverse (5'-CGCAATTGTGTGAATATCAAGAATTG-3') (Invitrogen, USA). The amplification conditions for both primers were: pre-denaturation -94°C for 4 min; 30 cycles of denaturation -94°C for 1 min; annealing -61°C and 64°C, respectively for 1 min; extension -72°C for 1 min; and final extension -72°C for 7 min. The PCR products were then sequenced and BLASTed in NCBI http://blast.ncbi.nlm.nih.gov/Blast.cgi.
Construction of recombinant plasmid
T1 lipase gene was amplified using primers incorporated with restriction endonuclease sites, EcoRI for FEcoRI (5'-CTGGTGAATTCTTGCATCCC TACG -3') and XbaI for RXbaI (5'-AATCTCTAGAAAAGGCTGCAAGCT CGC -3') (restriction endonuclease sites EcoRI and XbaI are underlined). The amplified PCR product encoded 388 amino acids of T1 lipase with a polyhistidine tag and an α-factor secretion signal at the C and N-terminal, respectively. The following conditions were used to amplify the T1 lipase gene from recombinant pGEX-T1S/T1: pre-denaturation -94°C for 4 min; denaturation -94°C for 1 min; annealing -63°C for 1 min; extension -72°C for 1 min; and final extension -72°C for 7 min. Both the pPICZαB plasmid and mature T1 lipase were digested using EcoRI and XbaI endonuclease restriction enzymes prior to ligation at 16°C with T4 DNA ligase (Fermentas, USA). Then the recombinant plasmid pPICZαB/T1 lipase was linearized with SacI.
Transformation of recombinant plasmid into isolate SO
Transformation of the linearized pPICZαB/T1 into isolate SO was conducted according to the EasySelect Pichia Expression Kit Manual (Invitrogen, USA) with minor modification. The transformants were checked via PCR and confirmed with sequencing. A single colony of isolate SO was inoculated into 10 ml of YPD medium and grown at 30°C with an agitation rate of 250 rpm for 16-30 h. One milliliter culture was transferred to 100 ml of fresh YPD broth and grown under similar conditions until the cell density reached an OD 600 of 1.3 to 1.5. The culture was then spun using a refrigerated centrifuge at 1,500 ×g at 4°C for 5 min. The pellets were washed with ice-cold sterile dH 2 O twice (100 ml followed by 50 ml). Then the cells were resuspended in 4 ml of 1 M sorbitol, pelleted and finally resuspended in 200 µl of ice-cold 1 M sorbitol. About 40 μl of the cells was transferred to an overnight pre-chilled (kept at -20°C) 0.2 cm electroporation cuvette (Bio-Rad, USA) and mixed with 1-5 μg of recombinant DNAs (10 μl). The positive transformants were screened via colony PCR using FEcoRI and RXbaI primers.
Screening of T1 lipase expression
The expression of T1 lipase in isolate SO was screened using a rhodamine B lipase screening plate [14] . YPD agar composition was added with 1% (v/v) olive oil and 0.002% (w/v) rhodamine B. The transformants were streaked on the plate and incubated at 30°C for 3 d. Then, 100 µl of absolute methanol was added to the petri dish lid and the incubation was continued for 3 d. The fluorescence was observed under UV light. To quantify the lipase expression, a single colony was inoculated into 10 ml YPD medium and grown overnight at 30°C with 250 rpm agitation. Then, 1% (v/v) culture was inoculated into 50 ml YPTG medium [1% (w/v) yeast extract, 2% (w/v) peptone, 4×10 -5 % (w/v) biotin, 4×10 -2 % (w/v) tryptic soy broth, 1% (v/v) glycerol] in a 500-ml flask and cultivated for 24 h. The OD 600 was taken and the initial cell amount used for induction was OD 600 = 15 in 50 ml
-2 % (w/v) tryptic soy broth, 0.5% (v/v) methanol]. 0.5% (v/v) methanol was added every 24 h for 3 d. Then, the cells were harvested, centrifuged at 3000 ×g at 4°C for 10 min and the supernatant was ready for assay. A simple colorimetric method was used for lipase assay [15] and protein quantification [16] . One unit (U) of lipase activity was defined as the rate of fatty acid (in µmole) released per min under standard assay conditions.
Effect of different media composition
Recombinant isolate SO/pPICZαB/T1-2 (SO2) was selected for further optimization. SO2 was inoculated into 50 ml of growth media (MMG, BMG, BMGY, and YPTG) in a 500 ml shake flask for 24 h. Then, the culture was harvested and resuspended with fresh medium to an OD 600 = 10 in 50 ml of the corresponding induction medium (MMM, BMM, BMMY and YPTM). Methanol (100%) was added every 24 h to a final concentration of 0.5% (v/v). Induction was continued for 48 h and the growth of the colony was monitored.
Determination of methanol utilization phenotype (Mut)
The recombinant SO2 and empty host isolate SO were tested on a minimal dextrose (MD) plate . Each colony was streaked on an MM plate, followed by an MD plate. Then, the plates were incubated at 30°C for 48 h and the growth of the colony was monitored.
Effect of methanol concentration
Recombinant SO2 was grown in 100 ml of YPTG under the same conditions as described above and resuspended in YPTM medium with initial starting OD 600 = 15. During the induction phase, different methanol concentrations [0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0% (v/v)] were added to induce lipase expression. The expression was monitored after 48 h of induction.
Time course study
The recombinant SO2 was grown in 100 ml of YPTG medium until OD 600 =22 in 500 ml flasks and induced in 100 ml of YPTM with 1.5% (v/v) methanol every 24 h. Then, the culture (1 ml) was harvested and assayed every 6 h until 48 h. The growth OD 600 was monitored every 6 h.
Purification of fusion T1 lipase
Purification of the His-tagged fusion lipase involved buffer exchange, followed by affinity chromatography. 50 ml of filtrate was subjected to buffer exchange via dialysis with 20 mM sodium phosphate buffer (pH 7.0). Then, the filtrate was concentrated 5-fold in the spin column with 10 kDa MW cut off at 4°C with 5000 RPM via a refrigerated centrifuge (Thermo Sorval, USA). Next, the crude enzyme was purified by using an affinity YEA-His Spin Kit (Yeastern Biotech Co., Ltd., Taiwan) with a few modifications. The crude enzyme was incubated with the resin for 20 min prior to spinning. Finally, the enzyme was eluted with elution buffer (0.5 M imidazole, 0.5 M NaCl and 0.02 M Na 2 HPO 4 and NaH 2 PO 4 respectively). The fractions obtained were analyzed by 12% SDS-PAGE [17] . The protein concentration was determined using a method suggested by Bradford (1976) [16] . Western blot was performed using the His-Tag Western Reagents Kit, Alkaline Phosphatase Detection (Novagen) on PVDF membrane. His-Tag Monoclonal Antibody (Novagen) was used a primary antibody.
Characterization of fusion T1 lipase
The effect of temperature on purified lipase was determined by assaying its activity at different temperatures ranging from 40°C to 80°C with 5°C intervals for 30 min. Then, the optimum pH was determined by assaying the purified lipase at various pHs from pH4 to 12 for 30 min at 65°C. The buffer systems used were 50 mM acetate buffer (pH 4.0-6.0), potassium phosphate buffer (pH 6.0-8.0), Tris-HCl buffer (pH 8.0-9.0), glycine-NaOH buffer (pH 9.0-11.0), and Na 2 HPO 4 -NaOH buffer (pH 11.0-12.0). The enzyme stability test was carried out by incubating 0.005 mg of the purified lipase in glycine-NaOH pH 9 to the total volume of 1 ml at 60°C, 65°C and 70°C, respectively. Then, the residual activity of the incubated enzymes was assayed at 65°C every 30 min until 150 min. The pH stability was conducted by pre-incubating 0.005 mg of enzyme in buffer with various pHs (1:1) for 30 min at 65°C. It was subjected to lipase assay after treatment.
RESULTS
Amplification of Pichia promoters
Isolate SO revealed that it contained the AOX (942 bp) and FLD (597 bp) promoters. The sizes of both promoters were similar to those of promoters reported in the database. The sequencing result showed that the promoters have 100% similarity to AOX and FLD of P. pastoris. Isolate SO has proven to be a member of the Pichia genus. Therefore, a P. pastoris expression vector pPICZαB (3.6 kb) was chosen to test the capability of the isolate SO to express T1 lipase extracellularly.
Construction of recombinant plasmid
Recombinant plasmid pPICZαB/T1 (4.8 kb) in isolate SO was checked via colony PCR. A T1 lipase (1.2 kb) band was observed to confirm the positive clones. Electroporation is known to be a powerful method for transformation; therefore a positive transformant could be obtained easily.
Screening of T1 lipase expression
Lipase activity could be observed by using a lipase screening plate containing the substrate for lipase (olive oil) and a fluorescent dye for free fatty acid detection [14, 18] . Fig. 1 (A) shows orange fluorescence surrounding the colonies after the plate was observed under UV light. This result proved that the recombinant SO/pPICZαB/T1-1 (SO1) and SO/pPICZαB/T1-2 (SO2) could express T1 lipase under the regulation of the AOX promoter in pPICZαB/T1. The empty host (isolate SO) as the negative control did not show any orange fluorescence after methanol induction. Cultivation of positive transformants in YPTM medium showed 11.8 U/ml and 19.9 U/ml for SO1 and SO2, respectively, after 48 h of post-induction. Hence, recombinant SO2 was selected for further optimization. Fig. 1 (B) shows the 1.2 kb PCR bands observed, indicating the presence of the mature lipase gene in the isolate SO genome. 
Effect of media composition
Different media compositions were tested to find the best nitrogen, carbon and energy sources to generate cell mass, thus giving the highest expression for recombinant SO2. Fig. 2 shows that YPTM composition promoted the best expression of T1 lipase. On the other hand, the complex medium BMMY promoted the highest growth rate as compared to YPTM. 
Determination of methanol utilization phenotype (Mut)
Isolate SO and its recombinant (SO2) were unable to grow on an MM plate. However, they can grow on an MD plate (results not shown). Therefore, they were determined as methanol utilization slow (Mut s ) strains. On the other hand, the wild type strain of P. pastoris (X-33), which was methanol utilization plus (Mut + ), has the capability to grow normally on both plates. Isolate SO may have similar characteristics to P. pastoris strain KM71H, which was determined to be Mut s .
Effect of inducer concentration
Methanol acted as an inducer of gene expression; therefore optimization to find the best methanol concentration was conducted in YPTM medium. Fig. 3 shows the lipase production from various methanol concentrations. Methanol concentration of 1.5% (v/v) appeared to be the best inducer concentration for T1 lipase expression in recombinant SO2. The cells still managed to grow perfectly at different methanol concentrations, indicating that the inducer had no effect even though a large amount of methanol was used to induce the culture.
Time course study
The recombinant SO2 was grown under its optimum conditions (YPTM and 1.5% methanol) for 48 h. Fig. 4 demonstrates the growth and expression pattern of recombinant T1 lipase in isolate SO. The maximum lipase achieved from recombinant SO2 was 14 U/ml with specific activity 88.92 U/mg after 30 h cultivation. Table 1 shows that recovery of T1 lipase was 68.58% with 194.58 U/mg. The molecular weight of mature T1 lipase in E. coli was estimated to be 43 kDa [12] . His-tagged fusion T1 lipase increased the protein size to around 47 kDa on SDS-PAGE analysis (Fig. 5) . Fig. 6A shows that the optimum temperature and pH of fusion T1 lipase was at 65°C. The optimum temperature for protein activity was assayed at different temperatures from 40°C to 80°C using olive oil as the substrate. The lipase was active at 40°C to 70°C with more than 50% residual activity but inactive in the range of 75°C-80°C. On the other hand, the optimum pH for fusion of this enzyme was pH 9 in 50 mM glycine-NaOH (Fig. 6B) . More than 60% residual activity was found in the potassium phosphate, Tris-HCl and glycine-NaOH buffers with pH ranging from 7.0 to 10. However, less than 20% relative activity could be observed in pH ranging from 4 to 5 and 11 to 12.
Purification of fusion T1 lipase
Characterization of fusion T1 lipase
The heat stability of lipase in the range of 60°C to 70°C was studied for 150 min, and the results are shown in Fig. 6C . The lipase was stable at 70°C for 60 min, with more than 80% residual activity. Furthermore, the activity was retained at least 50% after 60 min incubation at 60°C and 70°C, respectively. In addition, the stability of the T1 lipase in different pH ranges was also tested. The lipase was treated with five buffers with different pH ranging from 4 to 12. The results show that it has a broad stability range where it could retain at least 50% residual activity in pH 5 to 12 (Fig. 6D) . Nevertheless, more than 40% residual activity could be observed at pH 4. 
DISCUSSION
A number of studies have proven that the AOX promoter could offer better expression for heterologous proteins [4, 19] . FLD and AOX promoters were known to be the methylotrophic yeast promoter. Isolate SO has been shown to contain both promoters. Therefore, it was selected as an alternative host to express the recombinant protein. A P. pastoris expression vector (pPICZαB) which contained the AOX promoter was used for this study. The reporter gene (T1 lipase) was cloned in pPICZαB and transformed into isolate SO. The gene fused with the AOX promoter of pPICZαB would perform homologous recombination in the yeast genome at the AOX locus [4, 19] . In the methylotrophic yeast induction strategy, the yeast was required to be grown in a growth medium to generate the cell mass prior to induction with methanol. Glycerol was used to support the growth of P. pastoris. As expected, the isolate SO could utilize the glycerol as an energy and carbon source to generate biomass. However, Pichia methanolica used dextrose to generate the mass prior to induction (Pichia methanolica Expression Kit, Invitrogen USA). Thermostable L2 lipase in P. pastoris showed that BMMY and YPTM were the best expression media [20] . L2 lipase has high similarity to T1 lipase, with only one amino acid difference at the C-terminal. T1 lipase expression has shown that YPTM is the best medium to express the gene. Nonetheless, BMMY medium could not improve the expression. Isolate SO may produce the native protease which could inhibit the recombinant protein expression. Unlike P. pastoris SMD1168H, it was developed to be a proteasedeficient strain. BMMY was lacking tryptic soy broth (TSB), which could help to inhibit the protease activity in isolate SO, and hence inhibit the lipase expression. Although the mass of SO2 in BMMY was higher than YPTM, it was proven that the expression of T1 lipase was not associated solely with growth. The presence of TSB could improve expression. AOX1 and AOX2 genes were presented in P. pastoris, thus generating the Mut + phenotype. AOX1 regulated up to 30% of the total proteins in methylotrophic yeast. However, disruption of the AOX1 gene will agitate the methanol regulation where the AOX2 will take over the regulation in the cell. P. pastoris KM71H was the Mut s strain because of the disruption at the AOX1 locus. It will consume the methanol slowly. It could not grow in minimal medium containing methanol. In this study, isolate SO was determined to be in the genus Pichia, and it was expected to have a methanol utilization phenotype, either Mut + or Mut s . The isolate has the capability to consume methanol as an energy source; therefore it could not be Mut -. Isolate SO was found to be Mut s and will not be able to catalyze methanol efficiently as compared to Mut + [21] . The effect of inducer concentration revealed that a higher methanol concentration was needed to express T1 lipase in isolate SO as compared to other lipases which only required 0.5 % (v/v) methanol for optimum induction [20, 22] . However, differentiation in initial mass and cultivation strategies may contribute to the variation of methanol induction. In addition, the growth of SO2 was not affected by higher methanol concentration. The slow transformation of methanol by the Mut s strain reduces the accumulation of oxidative metabolic products, thus diminishing the inhibitory effects on SO2 growth. This result was supported by a previous study which used P. pastoris GS115 Mut s and showed that the cell growth was not influenced by the presence of a huge amount of methanol [23] . P. pastoris generally had its optimum conditions after 120 h of cultivation; hence it required a lot of methanol in every 24 h interval [20, 24] . Furthermore, the optimum expression of T1 lipase in isolate SO was observed after 30 h of post-induction, which was faster than a commercial yeast expression system (P. pastoris X-33/ pPICZαB/T1 lipase) (results not shown). It only required less methanol induction to achieve its optimum time. An initial study was performed to express the recombinant T1 lipase up to 216 h. The culture was induced with 1.5% (v/v) methanol every 24 h. However, the results showed that after 24 h of cultivation, the expression of T1 lipase was dramatically decreased until 216 h (results not shown). It was proven that the optimum production time of T1 lipase could be achieved before 48 h of post-induction. The study has proven that the newly isolated yeast from spoilt orange (isolate SO) can be used to express recombinant lipase. A commercial vector (pPICZαB) for P. pastoris can be used to regulate the heterologous protein expression in this new system. The basic characteristics of the protein, such as thermostability and pH protein profiles, were characterized. The optimum temperature and pH of mature T1 lipase in E. coli were 70°C and pH 9, respectively [12] . However, the optimum temperature of the glutathione S-transferase (GST) fusion T1 lipase was slightly decreased to 65°C in pH 9 [6] . It showed that, the presence of GST-tag has reduced the thermostability of the protein. The optimum temperature and pH of His-tagged fusion T1 lipase in SO2 were similar to the values of the previous study. Removal of the His-tag could improve the optimum temperature of T1 lipase. Recombinant lipases usually have a lower optimum temperature than crude lipase due to the presence of the tag [25] . On the other hand, it showed that this newly expressed T1 lipase was relatively stable in both acidic and alkaline conditions (pH 5-12). As compared to the previous study, the lipase is only stable in alkaline conditions (pH 8 to 10) [26] . Thermostable T1 lipase was successfully expressed extracellularly by using an α-factor secretion signal from Saccharomyces cerevisiae. The result proved that the newly developed yeast expression system has similar characteristics as P. pastoris. However, the effect of using a signal peptide from the native gene and α-factor secretion signal from S. cerevisiae in isolate SO needs to be investigated. The latest report has shown that an α-factor secretion signal from S. cerevisiae offered higher recombinant protein expression as compared to a native gene secretion signal in P. pastoris [27] .
CONCLUSIONS
This study proved that the newly isolated yeast P. guilliermondii strain SO could be used to express heterologous protein (T1 lipase) extracellularly. Interestingly, the host contained methylotrophic promoters of AOX and FLD, which are commonly used in yeast expression systems. The isolate was also proven to incorporate well with a commercial P. pastoris expression vector under the regulation of the AOX promoter. YPTM medium with methanol 1.5% (v/v) as the inducer was found to be the best medium for T1 lipase expression in this newly developed system. The enzyme was found to have optimal conditions of 65°C and pH 9 in 50 mM glycine-NaOH buffer. The newly isolated yeast P. guilliermondii could be an alternative host to express recombinant thermostable lipase with minimal methanol induction in a shorter time.
